Rising damp is one of the most recurrent and well-known hazards to existing buildings and monuments. Several types of intervention exist to tackle the problem. Among these, the creation of a damp-proof course against capillary rise by means of injection of chemical products is one of the most diffused methods, thanks to the relatively easy and cheap application. Despite positive results when applied under controlled conditions in laboratory, these interventions do not always deliver the desired result in practice. Several studies have shown varying degrees of success. Various factors, like the lack of homogeneity of the substrate and a high moisture and salt content may affect the effectiveness of treatments. Moreover, the type of substrate and the combination of materials with different pore size distribution influence the spreading and the effectiveness of chemical products. Since rising damp is a problem that is mainly manifested in masonry, that is usually composed of at least two materials, the last factor may be of great importance. The current paper reports the results of a research on the transport of chemical injection products in relatively small mortar/brick combinations. Since no easy to perform test method for small combined specimens, giving results within a short time, was available, a special test method was developed. The effect of the interface between brick and mortar on the transport of the products was studied by the application of several injection products and creams. The tested products include pore filling and water repellent products and products in water as well as in organic solvent. The obtained results show clear differences in spreading and effectiveness in the different substrates and between products in organic solvent and water based ones, as well as between creams and liquid products. The results show that water based products can easily be transported through the mortar joint, differently from what occurs with products in an organic solvent. This is the consequence of the different transport mechanisms of water based products and products in organic solvent in water filled pores.
Main text
The well-known phenomenon of rising damp in existing buildings and monuments may result in considerable damage to the affected materials. The amount of techniques and products to tackle the problem of rising damp is as widespread as the problem itself. One of the most diffused techniques consists in the application of a horizontal barrier against capillary rise by the injection of chemical products.
Despite frequent use of chemical interruption, the knowledge about the efficiency of injection products in masonry is far from complete. Many studies in literature report experiments on one material (e.g. calcium silicate brick [1] or Rüthener green sandstone [2] ). However masonry is usually a combination of at least two materials: brick (or stone and mortar. The properties of both materials, and in particular their pore size distribution, are important for the transport of water and liquid injection products. Capillary transport is driven by differences in capillary pressure, caused by differences in pore size. Since capillary pressure is higher in smaller pores, liquids will move from large to smaller pores. This implies that transport from a material with finer pores, such as mortar, to one with coarser pores, such as a fired clay brick, may be hindered. The size of the pores of the different materials in masonry therefore strongly affects the distribution of water and injection products.
Studies available on the effectiveness of chemical injection products when applied on combined specimens generally report experiments with large specimens. Besides, most of these studies are long-term investigations. For example, both Hees & Koek [3] and Alfano et al [4] present results of a long-term investigation on the performance of different chemical treatments for rising damp in masonry walls. Hees & Koek [3] studied the performance in practice, while Alfano et al [4] made use of masonry walls in laboratory.
A systematic comparison of different products is difficult, because various procedures exist for the evaluation, while a sound and simple laboratory test method on combined materials is missing. In several countries, including Belgium [5] , Germany [6] and the United Kingdom [7] researchers work with diverse certification tests. Some recommendations, like the [6] and the [7] , suggest testing the injection products on brick walls (5 to 8 brick courses) at different degrees of water saturation. After application of the products, the brick walls are kept wet by introducing water from the bottom by capillary rise, in order to simulate the situation in practice. These methods are time consuming, both in preparing the test walls and in testing. specimens or single materials in place of assemblies [3, 5, 8] . Nevertheless an easy to perform method for combined specimens, giving results within a short time, is missing.
The current paper reports the results of a research on the transport of chemical injection products in mortar/brick combinations in laboratory. The effect of the interface between brick and mortar on the transport of products was studied by the application of five liquid injection products in relatively small combined specimens. Furthermore the spreading of three creams in combined specimens was investigated. For these experiments a quick and easy to perform test method was developed.
Experimental setup

Selection of materials and injection products
The materials for the combined specimens were chosen on the basis of their representativeness in Dutch historic masonry (mostly fired clay brick and lime mortar) and the need of sufficient mechanical strength of the mortar. A fired clay brick was selected with an open porosity of 29 vol.% with most of the pores between 4 and 10 μm diameter. The Water Absorption Coefficient (WAC) determined by capillary absorption [9] on three cores of 40 mm diameter and 80 mm height, is 397 g/m
The mortar is a lime-cement mortar. The lime (Supercalco 90 by Carmeuse) to cement (Portland 42.5N by ENCI) to sand (quartz, with grain size 0-2 mm) ratio was 3:1:10 by volume. The workability of the fresh mortar is 165 mm, measured using a flow table according to [10] .
Five liquid products and three creams were selected, representative of the main classes of products identified in a previous market research [11] . The selection includes water based as well as solvent based products and liquid products as well as creams. The properties of the injection products are given in table 1. 
Specimen preparation
Little brick walls were prepared consisting of two layers of fired clay bricks, separated by a layer of lime cement mortar [12] .
After artificial carbonation (at 1% CO 2 , 20 ºC and 65% RH) cores with a diameter of 7 cm were cut from the brick walls perpendicular to the mortar joint and resized to 15 cm height (figure 1). These cores were used for testing liquid products. The small size of the specimens was chosen to shorten the time necessary for the treatment (24h) and the test, while still giving a reliable simulation of the practice situation. The height of the specimen is larger than half of the recommended distance between two adjacent injection holes, so that a full impregnation of the core corresponds to an overlap of treated zones between two injection holes in practice. For creams a long contact time between the product and the masonry is necessary. Due to their high viscosity, absorption of water based creams is not reached in only 24 hours [13] .
In order to make a longer contact time possible, a hole was drilled in each brick wall up to circa 1 cm from the bottom of the specimen (figure 2). Diameters of the holes were chosen according to the instructions of the suppliers (12-18 mm). 
Test procedures
Liquid injection products
The bottom side of a plastic tube (height 15 cm) was glued on top of each specimen by means of a two components glue. The lateral sides of the core were closed with parafilm (or with an epoxy resin in the case of solvent based products) and the bottom side was left open in order to allow water and/or product to flow out. The cores were then wetted by capillarity with water through the bottom side up to 50% of their saturation. The cores with the plastic tube on top of them were wrapped in plastic for at least one day, to allow water redistribution. After redistribution, the parafilm was removed from the top and bottom of the cores. The products were poured in the plastic tubes up to a defined level (figure 3). After 24 hours, the plastic tubes (in some cases with the residual product) were removed. In the cores impregnated with water based products, a mixture of water and product flew out of the bottom of the specimen, (due to the presence of hydrostatic pressure overcoming the capillary pressure); in the case of product in organic solvent, no expulsion of product was observed. This is due to the different wettability of the diluents and water [14, 15] . At the end of the test, the cores impregnated with water based products were fully saturated (this means that at least 50% of the pore volume is filled with the product), whereas the core impregnated with the solvent based product had absorbed only 8.3% g of product (50% of the pore volume filled with water and about 13% of the pore volume filled with the product).
The specimens, still sealed on the lateral sides, but not on the top and bottom sides, were then stored at 20 ºC/50% RH to dry for a period of at least three weeks. The specimens were allowed to dry on both bottom and top face.
After drying, the two brick parts were separated from the mortar joint and the water absorption by capillarity of each brick part was measured through side B (see figure 3) . The moisture content of the brick parts was expressed as weight % and calculated as follows:
( 1 ) 
Cream products
In order to study the effect of different saturation degrees and drying condition on the spreading and effectiveness of the cream products the test was carried out on: dry substrates; 100% saturated substrates which had the possibility to dry after impregnation; 100% saturated substrates which were not allowed to dry.
Saturation of the specimens was obtained by immersion of the bottom surface of the walls (opposite to the one where the holes were bored) in water until a constant weight was reached. The creams were inserted in the holes and the holes were closed with a plug. The specimens were placed in a climate room (20 ºC/50% RH) for 3 months.
The dry specimens were placed on a grid without the supply of water, while all 100% saturated specimens were placed on a grid in a container with water ( figure 4) . The water level reached about 1 cm from the bottom of the specimens. The water supply for the 100% saturated specimens which were allowed to dry was stopped circa 4 weeks after the injection of the product by removing the specimens from the water. For the specimens that were not allowed to dry, a continuous water supply during the impregnation period was ensured. After 3 months after the impregnation the specimens were cut into slices of the size given in figure 5 . The slices were dried in an oven at 40 ºC till constant weight, weighed and submitted to a capillary water absorption test, with both the mortar and the brick in contact with water (figure 6). After 1 week of capillary absorption, the slices were immersed in water completely. The moisture content of the slices after 3 weeks of immersion in water was measured following (1). Fig. 5 . Cutting of the specimens after impregnation. Figure 7 illustrates, for each mortar/brick specimen, the moisture content of the brick parts: part 1 and 2 refer to the part nearer to and further from the impregnation surface respectively ( figure 3) . The results show that water based products can easily be transported through the mortar joint (moisture content of part 1 is similar to that of part 2), differently from what occurs for the product diluted in an organic solvent (B3). The high moisture content measured in this case is probably due to the different transport mechanism of water repellent products diluted in an organic solvent compared to water repellent product in water. Solvent-based products are not miscible in water and are therefore mainly transported by capillarity (through the empty pores), while water based products can mix in water and can also be transported by diffusion in water filled pores. If we consider that the average water saturation degree of the combined specimen before injection is 50% and that the mortar has finer pores than the brick, we can expect the saturation degree of the mortar, which is able to extract water from the brick by capillarity, to be higher than 50%. The higher moisture content in the mortar hinders transport by capillarity, which is the main transport mechanism of solvent based products. Fig. 7 . Moisture content of brick parts after treatment with products (o= organic solvent, w= in water). The moisture content at saturation of an untreated fired clay brick is 12 ± 1vol.%. dry substrates, the spreading of the product is very limited (only a few centimeters) (figure 8a); water saturated specimens which are not allowed to dry during impregnation, the cream product is still visible in the injection hole after 3 months after impregnation ( figure 9 ) and after immersion in water, slices of the specimens show a very high absorption (figure 8c), similar to untreated slices; water saturated specimens which had the possibility to dry after a couple of weeks, the spreading and the effectiveness of the creams improve, although this strongly depends on the type of product (figure 8b). The active components of a cream can only react and become effective when the micelles of the emulgator of the cream break and the product becomes liquid. The results suggest that the micelles in the emulgator cannot break in the presence of water (figure 9). The cream does not spread from the injection hole, being the reason of the high moisture content of slices from a specimen, which was not allowed to dry during impregnation.
Liquid products
Cream products
If a 100% saturated specimen starts to dry, the emulgator will break. The now liquid product mixes with water and is transported during the drying process. In dry specimens, the emulgator breaks and the product (which has turned into liquid form) is transported by capillarity in empty pores. The spreading however, is only a few centimeters, possibly due to the limited amount of product. When drying of the saturated substrate is possible, product E5 (silane based) shows significantly better results than the other cream products (E1: silane based; E2: Alkylalkoxysilane and siloxane, emulsion in water). This might be related to the concentration water/product.
Discussion and conclusion
In this research the spreading and effectiveness of injection products for the treatment of rising damp was investigated on combined specimens with a newly developed test method. The method is different for liquids and for products in the form of cream, in order to take into account differences existing in the application of these two classes of products in practice. The results demonstrate clear differences in spreading and effectiveness in the different substrates (mortar and brick) and between products in organic solvent and water based ones, as well as between creams and liquid products. The experiments show that water based products can easily be transported through the mortar joint, differently from what occurs for products in organic solvent, due to the different transport mechanisms. A high saturation degree significantly reduces the spreading of the products in organic solvent.
With respect to the spreading and effectiveness of cream products, it can be concluded that in 100% saturated substrates no spreading can take place because the products does not become liquid, while in dry substrates, the spreading is limited. Spreading improves in water-saturated specimens, which have the possibility to dry. The drying process enhances the spreading: the presence of water favors dilution of the product in water and transport through the pores during drying. Reaction takes place in empty pores.
